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Mr. Donsid C. Booher, Site Manager
Pacucah Site Office

Department of Energy

Pcst Office Box 1410

Pagucah, Kentucky 42C02-1410

Oear Mr. Booher:

Resclts of the Exposure Assessmeant for Transurar

[~

Diffusion Plant {(PGDP! Aprit 1991, 10 May ° ‘?92

s at Padicah Gaseous

The purpase of this memorargum is t¢c briefly summarize the resuits of the
assessment of plant exposure potential 1o transuranics conductad by the Heaith

Physics Department from May b, 1991, 10 June 1, 1992. Dstziis of the
assessment are sttached.

This assessmert sugaests that the presenca o tramsuranic Tagerals cor - autes
wpproximately Vi3 mBem o e 2nnea s s ap Temer oo Shen
Equivalent {CEDE), received at tnis plant. This 40se 1S about |/ 50 liess than

2.3 percent) of that allowed bty the Department of Energy on an annual dasis. It
was also estimated that 99.9 percent of exposures on an annual dasis be less thar
1033 mRem CEDE or 1/5 {20.6 percent) ¢f that allowed by DCE per year.

Air samples for transuranics average 4/1000 {0.4 percent) of the DOE lim:t. Air
samples for uranium average 0.007 percent ot the DOE limit, Or a plantwide
basis, arr sampies contain approximately 17 percent transuranics by radicassay.

The plant average for removable surface contamination for process areas known 10
have transuranics was approximately 2.7 times the limit for rermovable transuranics
listed in Table 2-2 of the OOE Radiolegicat Contref Manual. {Normally occupied
areas in the plant are maintained at less than the limits in Table 2-2.) Transferzote
urenium surface contamination averaged 65 percent of Table 2-2 limits in process
areas known to have transuranic contamination and below Table 2-2 limits for
normally occupied areas. On a plantwide basis, process area removable surface
samples contained 12 percent transuranics by radioassay.
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continue ¢ be analyzed for transurarics. Routine analysis for transuranics in
remmovable surface samples is no longer considered necessary and nas neen
discontinued, but action levels in transuranic modified materials ouildings remain at
20 dom per 100 square centimeters, the current limit for transuranics.

Detaiied information supporting our analysis is attached. If you have any questions
about the analysis or'the conclusions develcped, plegse call Ty Miller at Bell
Extensicn 8010 or Orville Cypret at Bell Extension 6173.

Sincerely,

d I e . L4

Steve Polstor, Plant Manager
Pacucan Gaseous Diffusion Plant
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Final Transurzrmc Exposure Assessment for PGDP
November 20, 1982

This is a brief summary of the results of the assessment of plant exposure potsrtial
conducted by the Health Physics Departmen: from May 5, 1991, to June 1, 1892,
This assessment suggests that the presence of transuranic { TRU) materials contributas
approximately 114 mRem 1o tne annual average dose, committed effective cose
equivaient {CEDE), received a: this plant. This dose is ess than 2.3 percent of that
permitted by DOE on an annual oasis.

During the period of this investigation, approximately 140 air sampies and 10 surface
sampies '~ere collected per week 10 determine the extent of TRU materials in the
alant. From the tctal samoples collected, 850 air and 303 surface samples waere
analyzed for TRU materials. These samples regresent tne high 20 of the weekly air
samples and ail smears above 20 dpm per 100 square centimeters as determined dy
gross algha assay. This collection criteria biases our astimates on the high side by an
unknown amount.

All isotopic analyses for TRU were done at :he Cak Ricge Nationa! Laboratory and
were reported as gross alpha, qranium alpha, and TRU. In this case, TRU represents
e gntar e TAT Aesndd "HJ‘IT‘ Am) 237 Necturium (Npi, 238/2239 Plutonium {(Pu)}, ard

"'“*"‘ e,

) L .SoIopic Lnaysis o 1Al at PDGP, 6 samples, sugges:
3 percent 241 Am. 6 percent 237 Np, 12 percent Py, and 79 percent 230 Th.
Additional isotopic samples were nat collected because, for purposes of safety
analysis, the annual limit of intakes {ALl) of each indivicual isotope was similar and
the use of the lowes: limit of intake yielded z more conservative {safer} result than
using that for a mixture.

Air samples were collected at normally occupied locations thought to be subject to
airborne TRU contamination. Most of the locations tested represented locations
routinely occupied or potentially routinely accupied by employees. Surface samples
were callected a1 locations kncewn or suspected to have TRU materials present. In
general, these surface sampling locations are not accessibie 1o plant personnelin the
normal conduct of their duties. This coilection criteria tends to increase the high bias
in the exposure estimate also. Attachment 2 shows :he distribution of samples
analyzed by building. More samples were processed trom Building C-4C0 than from
any other building, The seeming bias is explained by recognizing that only the most
active of the air and surface samples were analyzed for TRU.




The piant averags for the 650 air samples was measurad as:
a. Transuranics: 7.65E-15 +:- 1 1E 14 uCijce
b. Uranium: 4.4E-14 -/- 1E-13 uCi/cc
¢c. Percent Transuranic: 17 +/- 12 percemt
Attachments 3-8 show cetaiied results for each buiicing surveyed.

3
The plant average for <he 303 transferabie surface contamination sampies was
measured 10 Ds:

a. Transuranics: b4 +:- 158 dpm per 100 sguare centimeters
5, Uranium: 643 +/- 2033 dpm per 100 square centimeters

c. Percent Transaranic: 12 +7- 11 Percent

Attachments 7-8 snow detailed sampling results for transferable surfsce
contamination.

Maximum readings for TRU were 3.3E-13 uCi/cc for an air sample collected in
Building C-400. The maximum uranium air sampie was 1.2E-12 uCi/cc coilected in
Building C-333.

The maximum transierable TRU cgntamination measured in a smear sample was
1980 dpm per 10C square centimeters for a surface sampie collected ir
Building C-360. The maximum uranium surface sample was 29,400 dpm per 100
square centimeters for a wipe sampie collected from behind a panel in Building C-360.

The maximum percent TRU in an air sample, collected in Building C-315, was
80 percent, 74.4 percent for 3 wipe sample collected in Building C-720.

The average annual CEDE due to breathing workplace air {inhalation dosa) is estimated
to be approximately 23 mRem CEDE, and the maximum probable dose being
126 mRem CEDE. This assumes all of the transuranic component is 237 Np, whicn
has the lowest inhalation ALl, using standard assumptions concerning inhalation, leve!
of exertian, nours worked, and retention in the lung. The details of this calculation
are shown in Attachment 10.

The average annual CEDE due having cantamination adhiere to the hands and lips and
subsequent swallowing of the material {ingestion dose) is approximately 31 mRem

CEDE, the maximum hai=m 807 Do CEDE. This gssumes all of the TRIU comnonent




is 237 Np and that a person ingests the removabie contamination from a 100 square
centimeter area per each ¢ay at work. The cetalis of this calcuiation are shown .n
Attachment 17,

The average total dose (CEDE) for the program is the sum of the innalation dose and
the ingestion dose and is egual 10 114 mRem CEDE, the maximum deing 1033 mRem
CEDE. This assumes all of the TRU is 237 Np and other assumptions as above. This
maximum dose estimate is consistent with the estimates made in T
Corporation/Nuclear Sciences Report Numper {T/NS-31-108, September 2,1892,
Personnel Expasure Potentiai 10 Transuranic Matsrials at the Paducah Gaseous
Diffusion Plant, by Carol Berger et. al., using fecal analysis resuits.

As a resuit of this analysis, our air sampiing program has been revised. Both air and
surface sampling for grass alpha snd gross beta contamination and individual air
sampling results greater than 10 percent derived air concentration continue to be
analyzed for TRU. Routine analysis for TRU in rrarsferable surface samples is no
anger considered necessary and has peen discontinued; however, action levels in
Transurenic Modifieg Materiais Buildings remain at 20 dpm per 100 squars
centimeters, the current limit for TRU. Selected samples exceeding the 20 dpm limit
will be analyzed for TRU.




ATTACIMENT 2

Transuranic Exposure Assessment
Number Air and Wipe Samples Analyzed

Number of Samples
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ATTACHMENT 3

AVERAGE TR aND 17 ACTIVITY IN ATE

Average. ali iru sampies
Average. all

.
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U semple. $4E=14 uCi/cc

Building average reading (uCi/ml - air)
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ATTACHMENT 4

STATISTICALLY MANIMUM® TEU AND U
ACTIVITY IN AIR

Swilding Stat. Maximum udi/mi)
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ATTACHMENT 5

‘M TRU AND U
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ATTACIMENT 6
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ATTACHMENT 7

U SURFACE CONTAMINATION
AVERAGE TRU, 54 +/-158 DPM/100 CM2

Building Average DPM/100 Square Cm.
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ATTACHMENT 38

£ AND STATISTICALLY MAXIMUM-
PERCENT TRU IN SURFACE CONTAMINATION
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ATTACHMENT 9

AVERAGE AND STATISTICALLY MAXIMUM-
TRU AND U IN SURFACE CONTAMINATION

+ Average plus Three Standard Deviations

Building Maximums, DPM/100 Square Cm.
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ATTACHMENT 10

Transuranic Monstoring Program
First Year Date Summary

Table One: Transuranic ransterable Contamination Dats

Transuranics X Uranium
Building Avg. Smesr i Avg = 3*s ‘ Avg. Smear Avg. + 3%z
fdpm/100 em2) | I0pm/100 em2) {dpm/ 100 em2)} (dom/ 100
| ‘ cm2)
310 C 37 i 182 308 2154
315 10 a0 54 90
331 23 ? 119 203 1257
333 o7 . 43 ' 142 482
335 ! 21 285 283 19971
337 ’ 71 , 384 1263 5293
360 | 234 | 1483 3006 19054
400 56 l 218 534 2651
409 26 67 192 506
410 57 226 565 71957
710 ! sz ’ *23 : sg8 : XY
720 | 12 77 | 126 1291
720C 9 37 70 308
7460 20 35 218 1416
Plant Wide 54 530 648 6749




Table Two: Air Sampling Data

= — === s ;
Transuranics Urapjum
Building Average " Avg+3°s Averaga Avg. +3%s
(uCi/cci {uCifcc) {uCi/cc! {uCi/ec)
3170 1£-14 8.65-14 8.4E-14 4.85-13
315 6E-15 3.26-14 23614 1€-13
331 1.16-14 6.2E-14 3.26-14 1.4£-13
333 1.2E-14 1.1€-13 6.6-14 5.26-13
335 A 5E.15 31614 3£-14 2613
337 L aers | 74674 2.76.14 76613
340 2.96.15 1.1£-14 3.26-14 1.46-13 ]
360 IR 8E-15 5.26.75 1.58-14
400 9.2£-15 7.96-14 5.35-14 3.36-13
409 | 52878 3.75-14 4E-14 3.16-13
410 | 27615 1.26.14 8.2-15 2.2£.14
420 5.3€-15 2£-14 2.4£-14 7.5E.14
210 e res con ves
720 oo 57614 8.3€-14 SE-13
220C ves oo vee e
7460 2.3E-15 88515 5.4€-15 1.45-74
Plant Avg. 7.6€.15 os 8.4€.14 IR

** % Not Avadable or Not Measured




Table Three: Percentages of TRU in Air and Transterable Contamination Sample

iculated

L___________L__s”_’{f“ Samples ‘ﬂmplas
Bufiding Avg. Parcent , Stat. Max TRU Avg. Parcoant | Stat. Max TRU ]
TRU g TRU

310 10 | 36 15 57

315 12 | 45 79 76
337 1 b 4 22 68 |
333 ' 9 L 35 21 63 ,

335 14 i 58 15 64

337 65 | 27 19 67

340 ren | aee 14 52

360 17 ! 57 39 100
400 17 | 322 29 100 i

409 13 1 38 18 60

410 8 25 27 60

420 veo see 18 59

710 13.5 44 s oo

720 17 54 15 5z

720C 13.5 45 .. ros

7460 15 46 35 97
Plant Wide 12 a4 17 ses *
v+ Not Measwed or Not '




Table Four: Actual Measurement Maximums, Air Samplas Only

Buiiding Max TRU Air Max U Air 3 Max Tru Porcent
luCiree) {uCifce! !
310 1.5E-13 9E-13 71
; 315 2.9£14 9.85-14 80 B
331 7.6E-14 1.35-13 62
i 333 1.86-13 1.2E-12 45
335 2.7€-14 1.7E-13 60
337 3E-74 1.76-13 4.5 '~
340 6.8€.15 8.5£.14 324
350 4.9E.15 6E-14 61.5
400 3.36-123 8.8€.13 60
409 ’ 7 6814 8&-14 70.3
410 1.3E-14 5.78-14 47.6
420 1.86-14 5.15-14 471.4
720 8.6E-74 6.5E-13 41.4
7460 31615 8.15-15 54
] Plant Averageas 5 9E-74 322513 ! Ex. 7
1 of Maximums |




EXPOSURE TC TRANSURANICS BY INHALATION

The basic formula for the computation of the inhalation dose resulting from exposure to transuranics and uranium at
PCDP is ahown below.

Inhalation Dome = [Air Concentration (TRU-uCi/ce) X Hours Expoeed (Hrs) X Ventilation Rate (m3/hr} X Lung Retention
Factor X 1E6cc par m3/ ALI-TRU (uCi) + Alr Concentrstion-U X Hours Exposed X Ventilation Rate X Retention Factor X
1E6ce par m3/RLI-0) X SO00

Trans.. anlce at PGDP ara clasa W and the Uranfium i» Class D. The inhalation ALI for the material is cvhown below.

Radiofieotopa Annual Limit of Intake
S o b e it ]
235 U . _ 1.000 uci |
- 238 U ) 1.050 ucl “
B 237 Np . - 0.004 uci .
- ' 241 Am ' 0.006 ucl )
» 2387239 Pu o 0.006-0.007 uci
230 Th ) 0.006 uCt ;J
Assunp: fons mad; in completing tha calculation are as followa:
1. Ths hypothetically expomad plant worker ie exposed 2000 hours per yeac,
2. Thu level of exertion le classed as light work, 1.2 m3 of air breathed per hour.

3. The maximum exposure is defined as the avarage axp- uure plus three standard deviations. Thia means statiotically,
93.9 percent of plant exposures are lass than Lhits maximam.

4. Ignoring the presence of 235 U and uaing 1 uCi ao the ALI for Uranium while ignoring the presence of all other
tiraznsuranics except for 237 Np, and ueing 0.004 uCi as the ALI for the transuranice is a conservative approach.

Averags inhalation dose = [7.653~15*2000*1.2*156‘1/.004*4-48-14'2000'1.2*le6'1/1]'5000
: = [0.00459 + 0.000105)+5000
= 23 mRem

Maximi:: inhalation Dose = [4.06E-1472000*1.2%1E6*1/.004 + 3,44B~13+2000%1_2%1E6*1/1]
= {,02436 + 0.000B256)+5000)
= 126 mRem

TT LNTWIOVLLY



EXPOSURE TO '"HANSURANICS BY INGESTION

The basic formula for the computation of ingestion dose resulting from exposure to tranduranice at PGNP e ehown

helow.

Ingestion dose = [qQuantity of transuranice ingeated per day (uCifday) X days expogure (daya}/ALI-TRU + quantity of

Uranium ingested per day (uCi/day) X days exposed (days)/ALI-U] X 5000

Tyaneursnice at PGDP are assumed ko ha clase W and uranium, clase D. The ingestion ALIs for the radiocisctopes found

at PGDLP are shown below.

Radioisatope

Annual Limit of Intake

235 U o 10.0 uci

238 U ) 10.0 uCi

237 Np | 0.5 ucCi

e 238/238 Pu L - 0.8-0.9 ucCi
L 230 Th 4.0 uci

Agsumpt ions made in complating the calculationa are as follows.

1. or. the average, an industrial worker ingestu about 100 mg of dirt from his hands. Thie ia about the quantity

ot material found on 100 square centimsters of a reasonably clean plant.

2, A4 maximally exposed worker will be at work approximately 233 daye (250 working days per year less 12 national

holidays and 5 daya miscellaneous absences).

3. Ignoring tha presence of 235 U doas not. introduce any ervor in the eostimate. Using the ALI for 237 Np as tha

ALT for all the tranauranics in the mixture is consarvative.

Average lngestion dode = [54%233/(2.2E640.5) + 649%233/(2.2E6%10}) 1*5000
= (0.0114 + .00687]*5000
= 91 mRem

Maxfimum Ingestion Dose = (528%233/(2,2E6*0.5) + 6748+233/{2.2E6+10)]*5000
= [0.1101 + .0714]*5000
= 907 mRem

2T INTOVLLY



